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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  25
Number of Shots:  55

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Testimonial Questions (OPTIONAL): 

Videographer: 

· Please ensure that all testimonial shots are captured in a wide-angle format, while also maintaining sufficient headspace, given that the final videos will be rendered in a 1:1 aspect ratio.
· Also, kindly note that testimonial statements will be presented live by the authors, offering their spontaneous perspectives.

· Note: Testimonial statements will not appear in the video but may be featured in our promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. This will appear in our journal’s promotional materials.
· During the shoot, the author should speak naturally in their own words, using complete sentences and a conversational tone—no script will be provided.

How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.11. Enter author name, Enter author title: (authors will present their testimonial statements live)
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.12. Enter author name, Enter author title: (authors will present their testimonial statements live)



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Fabrication and Bonding of a Multilayer PDMS Microfluidic Device
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, thoroughly mix the PDMS (P-D-M-S) base and curing agent in a 10 to 1 ratio to prepare the pre-cure solution [1]. Place the mixture in a desiccator and degas for 1 hour [2].
2.1.1. WIDE: Talent adding PDMS base and curing agent into a beaker and mixing thoroughly with a spatula.
2.1.2. Talent placing the beaker with PDMS mixture into a desiccator and closing the lid.
2.2. Clean the top layer mold with isopropanol [1] and dry it using compressed air [2].
2.2.1. Talent wiping the top layer mold with a lint-free tissue soaked in isopropanol.
2.2.2. Talent using compressed air to dry the mold completely.
2.3. Now, pour the PDMS mixture into the cleaned top layer mold [1]. Then thermally cure the mold at 80 degrees Celsius for 20 minutes to partially cure the PDMS [2]. Check the PDMS stickiness by gently pressing it with tweezers or by hand [3-TXT]. 
2.3.1. Talent pouring the PDMS mixture into the top layer mold.
2.3.2. Talent placing the filled mold into an oven set at 80 degrees Celsius.
2.3.3. Talent checking PDMS surface stickiness using tweezers. TXT: If the PDMS is still sticky, adjust heating time
2.4. Once cured, peel the PDMS out of the mold [1] and cut it into 20 by 18-millimeter single pieces [2]. 
2.4.1. Talent peeling the cured PDMS from the mold.
2.4.2. Talent using a blade to cut the PDMS into rectangular pieces.
2.5. Punch 0.75-millimeter diameter holes for gas inlets into each piece [1]. Then rinse the bottom surface with isopropanol [2].  After drying with compressed air, attach adhesive tape [3].
2.5.1. Talent punching holes into each PDMS piece using a hole punch.
2.5.2. Talent rinsing the bottom surface of the PDMS with isopropanol.
2.5.3. Talent applying adhesive tape to the bottom surface of each piece.
2.6. Next, clean the bottom layer mold with isopropanol and dry it [1]. Fix the mold on a spin coater [2] then pour the PDMS mixture at the center, close to the wafer, to minimize bubble formation [3-TXT]. 
2.6.1. Talent cleaning the bottom mold with isopropanol.
2.6.2. Shot of the mold being fixed on a spin coater. 
2.6.3. Talent pouring PDMS onto the center of the mold. TXT: Use tweezers/needles to move visible air bubbles to the outer edge
2.7. Spin coat the PDMS at 1000 revolutions per minute for 60 seconds [1]. Thermally cure the coated PDMS at 80 degrees Celsius for 10 minutes [2-TXT]. 
2.7.1. Talent setting the spin coater and starting the spin coating process.
2.7.2. Talent placing the mold in the oven for 10 minutes at 80 degrees Celsius. TXT: Check stickiness and adjust heating time, if necessary
2.8. Now place the top PDMS pieces onto the bottom PDMS layer on the mold [1] and press firmly to ensure surface attachment [2].
2.8.1. Talent placing the rectangular top PDMS pieces onto the bottom layer.
2.8.2. Talent using gloved fingers or a roller to press and attach both layers.
2.9. Thermally cure the assembled layers at 80 degrees Celsius for at least 1 hour to complete the bonding [1].
2.9.1. Talent placing the assembled chip back into the oven and setting the timer for 1 hour.
2.10. Then gently cut the bottom PDMS layer into individual pieces [1] and carefully peel off the entire PDMS chip from the mold [2].
2.10.1. Talent using a scalpel to cut the bottom layer into chip-sized pieces.
2.10.2. Talent gently peeling the PDMS chip from the mold using tweezers.
2.11. Punch 0.5-millimeter diameter holes for fluid inlets and outlets at both ends of the fluid channels [1]. Rinse the bottom surface of the chip with isopropanol [2] and attach scotch tape to the dried chip [3].
2.11.1. Talent punching small holes at both ends of the PDMS fluid channels.
2.11.2. Talent rinsing the chip bottom surface with isopropanol.
2.11.3. Talent applying scotch tape to the bottom surface of the chip.
2.12. Activate the PDMS surface by plasma oxidation for 25 seconds [1] and bond it to a 0.175-millimeter-thick cover glass [2].
2.12.1. Talent placing the chip in a plasma cleaner.
2.12.2. Talent aligning and pressing the PDMS chip onto the glass substrate.
2.13. After placing the chip on the glass, flush the top layer with pressurized air to ensure that the PDMS membrane is properly attached to the glass [1]. Heat the bonded chip at 80 degrees Celsius for 10 seconds to 1 minute to increase bonding stability [2].
2.13.1. Talent connecting an air tube to the top layer and flushing it with air.
2.13.2. Talent placing the bonded chip into the oven and setting a short heating cycle.
3. Microscopy Setup, Dye Perfusion, and Gas Control for FLIM-Based Oxygen Sensing
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Select the appropriate objective lens on the microscope, such as 20X for oxygen sensing or 100X for microbial observation [1-TXT]. Then fix the double-layer chip on the chip holder using adhesives [2].
3.1.1. Talent rotating the microscope turret to select the objective lens. TXT: Add immersion oil if necessary
3.1.2. Talent fixing the double layer chip onto the chip holder with adhesives
3.2. Next prepare an oxygen-sensitive dye solution at the appropriate concentration [1-TXT].
3.2.1. Shot of prepared dye solution in a labeled microtube. TXT: 3 mM tris(2,2’-bipyridyl)dichlororuthenium(II)hexahydrate, RTDP is being used here
3.3. Calibrate the FLIM (Flim) camera using a reference slide with a known lifetime, such as 3.75 nanoseconds [1]. Measure the signal intensity with the FLIM camera [2] and adjust the exposure time or microscope aperture to reach a signal intensity between 0.68 and 0.72 [3].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20952633
3.3.1. Talent placing a calibration slide under the FLIM camera.
3.3.2. SCREEN: FLIM software interface with signal intensity is being seen
3.3.3. SCREEN: Adjust exposure time or aperture until the intensity reads between 0.68 and 0.72.
3.4. Fix the chip holder on the microscope stage and connect the appropriate tubing to the fluid inlet and outlet [1]. Then start perfusing the oxygen-sensitive dye solution at a constant flow rate of 100 nanoliters per minute using a syringe pump [2].
3.4.1. Talent securing the chip holder onto the microscope stage and attaching inlet and outlet tubing to the chip.
3.4.2. Talent programming the syringe pump to initiate dye perfusion.
3.5. Next, connect the gas inlet and mass flow controllers with suitable tubing [1]. Begin flushing gas with controlled oxygen concentrations [2-TXT].
3.5.1. Talent connecting gas tubing to the chip and mass flow controllers.
3.5.2. Talent setting the flow rates on the gas controller and starting the gas flow. TXT: 0% and 21% oxygen, total mass flow rate 600 mL/min
3.6. Measure the phase lifetime in the absence of oxygen and at another known oxygen concentration [1]. Calculate the quenching constant using the Stern-Volmer equation [2].
3.6.1. SCREEN: Show FLIM camera interface measuring phase lifetime under zero oxygen and another at known oxygen concentration.
3.6.2. SCREEN: Display calculation of quenching constant using input lifetime values in the Stern-Volmer equation.
AND
TEXT ON PLAIN BACKGROUND:

Video editor: Please play both shots side by side

4. Cell Seeding, Cultivation, and Time-Lapse Imaging under Controlled Oxygen Conditions
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Prepare a seeding solution by diluting the Escherichia coli culture to the desired optical density [1]. Transfer the solution into a 1-milliliter syringe for loading [2].
4.1.1. Talent measuring the  E. coli culture’s optical density and diluting it in a tube.
4.1.2. Talent drawing the seeding solution into a 1 milliliter syringe.
4.2. Fix the chip holder on the microscope stage [1].  Allow the chip and holder to warm up in the incubator at 37 degrees Celsius for several hours to reduce defocusing during imaging [2].
4.2.1. Shot of the chip holder being fixed on a microscope stage.
4.2.2. Talent placing the chip holder with the mounted chip onto the microscope stage inside an incubator.
4.3. Before starting cultivation, begin gassing with the desired initial oxygen concentration by adjusting the oxygen and nitrogen mixture while maintaining the total and carbon dioxide flow rates constant [1]. Then connect the gas inlet tubing to the chip and mass flow controllers [2].
4.3.1. Talent adjusting the gas controller settings to set the oxygen and nitrogen mixture.
4.3.2. Talent connecting the gas inlet tubing securely between the chip and the flow controller ports.
4.4. Connect the seeding syringe to the fluid outlet and manually push the syringe to begin seeding the bacteria onto the chip [1]. Observe under the microscope to verify successful trapping of cells in the cultivation chambers [2].
4.4.1. Talent connecting the syringe with seeding solution to the fluid outlet. 
4.4.2. SCOPE: View through the microscope showing cells trapped in individual cultivation chambers.
Authors: Please create scope videos of the shots labeled as SCOPE and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20952633
4.5. After cell inoculation, disconnect the seeding syringe and attach a syringe filled with fresh medium [1]. Manually push the syringe to flush out any remaining cells from the medium supply channel [2].
4.5.1. Talent removing the seeding syringe and replacing it with a fresh medium syringe.
4.5.2. Talent manually flushing the channel with medium using the syringe.
4.6. Begin perfusing the medium at a constant rate of 100 nanoliters per minute using the syringe pump [1-TXT]. 
4.6.1. Talent starting the syringe pump and monitoring the medium flow. TXT: Ensure that flow rate is enough to prevent chamber drying 
4.7. Start time-lapse image acquisition [1]. For cultivation under oscillating oxygen conditions, begin automatic control of mass flow controllers simultaneously with image capture [2-TXT]. Save the time-lapse image sequence as one image stack per field of view [3].
4.7.1. SCREEN: Time-lapse image capture is being started on the imaging software.
4.7.2. SCREEN: Mass flow controller software interface showing initiation of automatic gas control. TXT: If there is any delay, record the timing difference
4.7.3. SCREEN: Show file-saving dialog in imaging software with images saved as individual stacks per position.

4.7.4. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 184.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. The oxygen concentration in the fluid channel of the microfluidic chip decreased from 21% to 0% within 10 seconds [1], and increased back to 21% within a similar time frame upon reoxygenation [2].
5.1.1. LAB MEDIA: Figure 2B (left panel). Video editor: Highlight the red box in 2 B left curve.
5.1.2. LAB MEDIA: Figure 2B (right panel). Video editor: Highlight the steep rise in the oxygen concentration curve 
5.2. After 3 hours of cultivation, E. coli colonies grown under 21% oxygen conditions appeared visibly larger than those under 0% oxygen conditions [1].
5.2.1. LAB MEDIA: Figure 3A-B. Video editor: Please highlight images of 3A 
5.3. The normalized colony area increased more rapidly at higher oxygen concentrations, with a clear trend shown from 0% to 21% oxygen [1]. The exponential growth rate μ (mew) increased sharply from 0% to 0.5% oxygen and plateaued beyond 5% [2].
5.3.1. LAB MEDIA: Figure 3C. Video editor: Highlight the curves corresponding to 10 and 21% O2
5.3.2. LAB MEDIA: Figure 3D. Video editor: Highlight the steep portion of the plot from 0% to 0.5% oxygen.
5.4. Under oscillating oxygen with a 60-minute cycle, E. coli growth displayed three phases, a rapid response to deoxygenation [1], a recovery phase with gradual increase [2], and a final stabilization around the anaerobic growth rate [3].
5.4.1. LAB MEDIA: Figure 4 (T’=60 min). Video editor: Highlight the area pointed at by  “response” 
5.4.2. LAB MEDIA: Figure 4 (T’=60 min). Video editor: Highlight the area pointed at by  “Recovery”
5.4.3. LAB MEDIA: Figure 4 (T’=60 min). Video editor: Highlight the area pointed at by  “Stabolization”
5.5. As the switching interval T’ (T-dash) decreased from 60 to 1 minute, the growth rate oscillations became more synchronized with gas phases, and adaptation effects diminished [1].
5.5.1. LAB MEDIA: Figure 4 (all panels). Video editor: Sequentially show the graphs from T’ = 60 min to T’=1 min
5.6. Single-cell area measurements showed faster growth during aerobic phases and clear drops during anaerobic phases across all tested switching intervals [1]. 
5.6.1. LAB MEDIA: Figure 5. Video editor: Please highlight all blue dots in the white portions of each graph
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